The present study aimed to investigate the effects of Scutellarin on proliferation, invasion and tumorigenicity in human breast carcinoma MCF-7 cells and its associated molecular mechanisms.
Background
Breast cancer is one the most common female cancers worldwide [1] . Multi-drug resistance has been shown in clinical trials, and acquired multi-drug resistance severely limits effective therapies for breast cancer [2] . Recently, numerous phytochemicals compounds and active alkaloids have been reported to have anticancer activity [3] [4] [5] .
The HIPPO/YAP pathway is important in regulating overall tissue proliferation and growth with loss of proper control associated with oncogenesis [6] . The HIPPO signal pathway is a highly-conserved growth control signal pathway, which has a critical regulatory effect on cell proliferation and apoptosis; the regulatory effect of HIPPO signal is down-regulated in numerous human tumors, suggesting its close relationship with tumor genesis [7, 8] .
Scutellarin, an effective component found in the traditional medicinal herb Scutellaria barbata, has many pharmacological activities and is confirmed to have anti-inflammatory, anti-virus, anti-fibrotic, and immune regulation effects [9, 10] . Recently, Scutellarin has been shown to have antitumor effects in cancer cells, such as hepatocellular carcinoma, tongue squamous cell carcinoma, and colorectal cancer [11] [12] [13] [14] . Many studies have indicated that Scutellarin inhibits the proliferation and transfer of tumor cells, inducing apoptosis and differentiation but there are few reports on the anti-breast cancer mechanisms of Scutellarin. To explore the basis of the development of Scutellarin, we investigated effects of Scutellarin on MCF-7 human breast cancer cells in culture for proliferation, invasion, and tumorigenesis effects of Scutellarin on protein expression of the HIPPO-YAP signaling pathway.
Material and Methods
Cell culture and reagents MCF-7 human breast cancer cells were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). MCF-7 cells were cultured in RPMI-1640 medium (HyClone, Logan, USA). The media were supplemented with 10% fetal bovine serum, 100 μg/ml ampicillin, and 100 μg/ml streptomycin.
Cell viability assay
For the viability assays, cells were seeded in 96-well plates at 1×10 4 cells per well. For short-term treatments, selected drugs, compounds, and extracts were added to the wells immediately afterwards and cultured with the cells for 24 h. For long-term treatments, fresh medium with reagents were added every 24 h. The cell viability was measured by fluorescence chemistry with a spectrophotometer (Thermo, Multiscan MK3, USA) using the CCK8 kit (Lianke Bio, China) at OD 405 nm. Cell viability was calculated from the OD values in comparison with the blank. The inhibition rate was calculated by the following formula: inhibition rate (%)=100*(OD ctrl -OD treated )/OD ctrl . Each treatment condition was repeated 4 times with at least 3 repeated wells each time.
Invasion assay
Cell invasion were determined using Transwell cell Matrigel invasion chambers (Matrigel-coated membrane, BD Biosciences, San Jose, CA, USA) as previously described [20] . Briefly, cells (2×10 3 ) were resuspended in 200 μl of serum-free medium and seeded on the top chamber of the 8.0-μm pore, 6.5-mm polycarbonate transwell filters (Corning, NY, USA). The full medium (600 μl) containing 10% FBS was added to the bottom chamber. The cells were allowed to migrate for 24 h at 37°C in a humidified incubator with 5% CO 2 . After 24 h, the cells that had invaded through the membrane and adhered to the underside of the membrane were counted in 4 randomly selected microscopic fields.
Colony formation assay
For colony formation, human breast cancer MCF-7 cells were seeded (500 cells/well) in 6-well plates overnight. After 10~14 days, the culture medium was removed, and cells were briefly rinsed with PBS. The cells were then fixed with 4% paraformaldehyde and stained with 0.1% crystal violet, and colonies were counted by visual inspection.
Flow cytometry analysis
Freshly isolated MCF-7 cells from the tumor mass were collected following tissue sectioning and digestion by trypsin, and were subjected to flow cytometry by use of an apoptosis analysis kit (Beckman Coulter, USA) based on the manufacturer's instructions. Flow cytometry analysis was performed immediately afterwards (FACSAriaTM, BD Biosciences, USA).
Western blot analysis
Total protein was extracted from the cultured cells, and quantitated using the bicinchoninic acid assay kit (Pierce, Rockford, IL, USA) as previously described [21] . Equal amounts of protein from different samples were separated through 10% SDSpolyacrylate gel electrophoresis and transferred to a polyvinylidene fluoride membrane. Blocking buffer, containing 5% non-fat milk, was used to block and incubate the membranes with primary antibodies overnight at 4°C. The expression of the target proteins was examined using an enhance chemiluminescence (ECL) kit (Amersham Pharmacia Biotech, Uppsala, Sweden). 
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Xenograft experiment
The BALB/c nude mice were purchased from the Shanghai Laboratory Animal Center (Chinese Academy of Sciences, Shanghai, People's Republic of China). The animal experimental protocols were approved by the Animal Care Committee of the Shanghai Institutes for Biological Sciences of the Chinese Academy of Sciences, as well as the Tongji University Shanghai Tenth People's Hospital, Medical School, Tongji University. Under constant temperature and humidity, female athymic nude mice (5 weeks old) were maintained in laminar flow rooms. In our experiments, MCF-7 cells were subcutaneously injected into one flank of 5 mice. The MCF-7 cells were collected by centrifugation and resuspended in PBS with the concentration of 1×10 7 /ml. We seeded 0.2 ml of suspension containing 2×10 6 cells to the auxiliary region of each mouse.
When tumors showed, mice were randomly assigned into 4 groups, with 3 mice in each group: (1) the control group was injected with saline at the same volume as that used for the combined group; (2) the 5-FU group was injected intraperitoneally (IP) once weekly with 25 mg/kg 5-fluoro-2,4 (1 h and 3 h) pyrimidinedione; (3) the Scutellarin group was injected IP once every other day with 5 mg/kg Scutellarin; and (4) the Scutellarin and 5-FU combination group was injected IP once every other day with 200 mg/kg Scutellarin and injected IP with 25 mg/kg 5-FU hydrochloride once a week. Weights of mice were recorded daily prior to drug administration. After 3 weeks of treatment, the mice were killed on day 22 by cervical luxation. The inhibition rates by different treatments were calculated based on the weight of the tumor masses based on following formula: inhibition (%)=100*(Weight ctrl-Weight treated)/Weight ctrl.
Immunohistochemistry
Tumor tissues were fixed in 4% paraformaldehyde, embedded in paraffin and cut into 4 mm sections, then subjected to hematoxylin-eosin (HE) staining or immunohistochemistry (IHC). For IHC, tissue sections were incubated with anti-YAP or antip-YAP antibodies (both from Cell Signaling Technology, USA). The positive signals were amplified by a biotinylated peroxidase-conjugated streptavidin system (Bio-Genex Laboratories, USA). All specimens were observed and photographed (BX51T-32H01, Olympus, Japan).
Statistical analysis
Each in vitro experiment was performed at least 3 times with multiple repeats, and the data were analyzed by SPSS (v13.0). The statistical significance was calculated by one-way ANOVA to compare multiple groups, or by Student's t-test when only 2 groups were compared. P<0.05 was considered significant and P<0.01 was considered highly significant.
Results
Scutellarin inhibited human breast cancer MCF-7 cells proliferation in vitro
After Scutellarin treatment for 72 h, the CCK-8 assay showed that growth inhibition rates of MCF-7 were significantly elevated compared with MCF-7 treated with DMSO or the untreated group at 24 h, 48 h, and 72 h ( Figure 1A ). In addition, the total numbers of non-adherent sphere cells in the Scutellarintreated group were calculated at different points in time (3, 7, and 10 days). We found that the total numbers of non-adherent sphere cell in the Scutellarin-treated group were obviously reduced compared to the control (DMSO-treated) group at each time point ( Figure 1B ).
Scutellarin suppressed invasion of human breast cancer MCF-7 cells in vitro
The transwell migration assay showed that there were fewer invading MCF-7 cells per well in the Scutellarin group than in the DMSO-treated group or the untreated group (Figure 2 ). These data indicate that Scutellarin suppressed the proliferation and invasion capabilities of human breast cancer MCF-7 cells.
Scutellarin-induced cell apoptosis of human breast cancer MCF-7 cells in vitro
We analyzed the change in apoptotic rate in Scutellarin-treated human breast cancer MCF-7 cells. Flow cytometry was carried out to detect the apoptotic cells induced by Scutellarin after co-staining of annexin V-FITC and PI ( Figure 3) . After treatment for 24 h, 40-80 μM Scutellarin did not induce a significant increase of apoptotic cells. After cells were treated with 120 μM Scutellarin, cell apoptosis was significantly increased. Apoptotic rates analyzed by morphological observation and flow cytometry were comparable. Figure 4 shows that the apoptotic rate of human breast cancer MCF-7 cells from the control group was 7.8±1.9% and increased to 23.9±2.1% after being treated with Scutellarin (40, 80, and 120 μM).
Scutellarin regulated the expression of YAP and p-YAP in human breast cancer MCF-7 cells
Western blotting confirmed these observations by demonstrating that p-YAP in Scutellarin-treated MCF-7 cells was upregulated compared with the control group, while the level of YAP was down-regulated, which was consistent with experiment results of IHC. 
Scutellarin inhibited human breast cancer MCF-7 cells xenograft growth
For the in vivo and mechanistic studies, the human breast cancer MCF-7 cells were inoculated subcutaneously into the BALB/c nude mice, and treated with PBS, Scutellarin, 5-FU or combination therapy, respectively. As shown in Figure 5A , in the Scutellarin-treated group, the tumor volumes were substantially reduced compared to those in saline treated group. Although mice in both groups eventually developed tumors, those formed in the Scutellarin-treated group grew more slowly than those formed in the saline -treated group ( Figure 5B) . In Figure 5A , after 10 days of continuous Scutellarin treatment at 200 mg/kg in mice, the human breast cancer MCF-7 tumor mass was significantly decreased. The inhibition rate was 32.4%, comparable with 25 mg/kg 5-FU treatment (35.4%). There was no significant difference between the 5-FU group and the Scutellarin groups at different doses. Tumors from to the combination group were significantly lighter than those from Scutellarin/5-FU-treated group ( Figure 5B) . Moreover, P-YAP and YAP were detected by IHC, shown in Figure 5C . In MCF-7 tumors with saline treatment, 81% samples were YAP positive and 7% samples were P-YAP positive. After treatment by Scutellarin or 5-FU, the YAP positive rate dropped to 33.5% and 18.5%, respectively, while P-YAP positive rate increased to 64.6%. The changes were comparable with the saline treated group. In summary, xenografts formed by MCF-7 cells treated with Scutellarin were smaller, with reduced proliferation and invasion capacities. Moreover, we also explored the effect of Scutellarin on other components of HIPPO signaling pathway, such as TAZ ( Figure 6 ). 
Discussion
Recently, many anti-cancer drugs are derived from natural resources [15] . Many traditional plant medicines have shown potential antitumor effects. Scutellarin is kinds of glycoside components found in the Scutellaria barbata, which is considered have anti-inflammatory and anti-virus effects in Chinese traditional medicine. 
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Scutellaria barbata is a plant that belongs to the Labiatae (mint) family and has anti-inflammatory, anti-virus, anti-fibrotic and immune regulation properties, relieving swelling and pain, and inducing diuresis and hemostasis. It is commonly used in treating sore throat, ulcerative carbuncle, snake bite, and edema. The formulation of Scutellaria barbata with other herbal medicine can better relieve all kinds of cancers, such as pancreatic cancer, gastric cancer, rectal cancer, lung cancer and gynecological tumors [6, 7] In this study, we demonstrated that Scutellarin inhibits proliferation, invasion, and induce apoptosis in human breast cancer MCF-7 cells in vitro. Induction of apoptosis is accompanied by increased P-YAP level and decreased YAP level. Other studies have been shown that Scutellarin reduces the expression of MMP-2 and -9, and integrin avb6 in human tongue squamous carcinoma (SAS) cells, possibly through the regulation of expression of transcription factor AP-1 [10] . Numerous studies have shown that Scutellarin can suppress the growth of human colorectal cancer cells and tumor xenografts in vivo through cell cycle arrest and induction of apoptosis [11] . We also observed Scutellarin-induced DNA damage and STAT3 expression and this is in agreement with other reports demonstrating that the STAT3 signal pathway is required for Scutellarin-mediated apoptosis [8] .
In this study, cell viability was measured using the CCK-8 assay kit. The growth of MCF-7 cells was significantly inhibited in a dose-and time-dependent manner when treated with Scutellarin. The result is consistent with a previous study [16] . Thus, we speculate that Scutellarin inhibits the proliferation of MCF-7 cells via cytoplasm and nucleic acid metabolism of breast cancer cells in vitro.
It has also been verified in previous research that Scutellarin can effectively inhibit the growth and survival of multiple cancer cells and induces cell apoptosis, but effects of Scutellarin on the tumor-associated signal pathway have not been reported yet. The HIPPO-YAP is a signal pathway that was extensively investigated in recent years; it plays a key role in Figure 6 . Immunohistochemistry staining of TAZ in xenografts tissue. Under the magnification ×200 microscope field, Expression levels of TAZ were down-regulated in Scutellarin-treated and combination groups. Bar, 100 µm.
Representative IHC staining of TAZ expression in MCF-7 tissue 5136 regulating cell proliferation and apoptosis, as well as controlling organ size. YAP is a transcriptional co-activator discovered in fruit flies by Sudol et al. in 1994 [17] . The HIPPO/YAP pathway is a signal transduction pathway controlling organ size and development, as well as tumor formation. The key link of the pathway in mammals is a kind of transcription activator YAP yes-associated protein located downstream of HIPPO [7] . The large tumor suppressor 1 (LATS1) in the HIPPO pathway restricts it within the cytoplasm through the phosphorylation of YAP, while the dephosphorylated YAP is transferred to the cell nucleus. YAP binds with a series of transcription factors (including apoptosis negative regulatory factors and mitosispromoting factors) after it enters into the cell nucleus, and eventually inhibits cell apoptosis, promotes cell proliferation, and enlarges organs. Therefore, the HIPPO-YAP pathway controls YAP through phosphorylation, which gives rise to balanced cell proliferation and apoptosis, and thus regulates development of organ size [8] .
Because the HIPPO pathway, especially the downstream effector protein YAP/TAZ, plays an extremely important role in carcinogenesis, drugs targeting the HIPPO pathway are of important clinical significance. The HIPPO signal pathway was discovered in research on fruit flies in recent years, which is constituted by the core components, as well as upstream and downstream components, and it is a highly-conserved pathway that is involved in regulating organ size, cell cycle, and apoptosis. As a downstream transcriptional activator, YAP plays a crucial role in tumor derivation. YAP is highly expressed in human liver cancer cells, is closely related to hepatocarcinogenesis, and has oncogene characteristics [18] . The HIPPO-YAP pathway controls YAP through phosphorylation, and more YAP proteins can be retained in cytoplasm only through enhancing YAP phosphorylation level, which gives rise to reduced YAP entering into the cell nucleus, thus achieving the objectives of promoting cell apoptosis and inhibiting cell proliferation. YAP expression is up-regulated in multiple tumors, such as gastric cancer, esophageal cancer, lung cancer, and liver cancer, and excessively-expressed YAP promotes liver tissue hyperplasia and eventually develops into hepatocellular carcinoma. Survival analysis of YAP expression level and patient survival indicates that YAP is an independent prognostic factor for patients with hepatocellular carcinoma, and that YAP expression level is related to the differentiation of hepatocellular carcinoma [19] .
Conclusions
In conclusion, our results indicate that Scutellarin inhibits viability and promotes apoptosis of breast cancer MCF-7 cells via regulating the expression of the HIPPO-YAP signaling pathway. Scutellarin also inhibits the proliferation of MCF-7 cells in vitro, although only 1 breast cancer MCF-7 cell line was investigated in the present study. These findings suggest that Scutellarin has potential to be developed as a new natural anti-breast carcinoma agent, which could be used as an alternative to other treatments or in a combined regimen against breast carcinoma.
